The symmetry recorded in convergent beam electron diffraction (CBED) patterns is in general determined by direct visual inspection [1], which does not provide uniform measurement. Furthermore, experimental CBED patterns are often noisy and deviate from the ideal symmetry because of the sample geometry and defects. Thus, the imperfection in experimental CBED patterns can lead to uncertainty in the symmetry determination [2] . Here, we propose a symmetry quantification method for CBED patterns using the profile R-factor (Rp) [3, 4] and the normalized cross-correlation coefficient (γ) [5] . We have also developed computer algorithms to automate these procedures. We demonstrate that the method proposed here is highly effective and provides a more precise way to determine the symmetry in CBED patterns. The symmetry quantification method can be also combined with a scanning electron diffraction technique for symmetry mapping [6] . Figure 1 shows the image processing procedures for mirror symmetry quantification. First, the symmetry related two diffraction discs (A, A') are selected about the mirror plane (yellow line) as shown in Fig. 
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The symmetry quantification algorithm was then combined with the scanning electron diffraction technique for symmetry mapping. Figure 2 (a) shows a typical Bragg diffraction contrast for a stacking fault in a strained Si crystal. The mirror selected for quantification is along the yellow line as indicated in Fig. 2(b) . The symmetry variation was mapped using the A/A', B/B' and C/C' disk pairs, and the symmetry distribution was mapped for 152 x 72 nm 2 from Fig. 2(a) . Figures 2(c) and (e) are the calculated symmetry maps for Rp and γ, respectively. The grid in the symmetry maps becomes bright as the symmetry of the investigated grid matches the selected symmetry (i.e., mirror). In both maps, the dark contrast indicates symmetry breaking from the selected mirror symmetry. For example, the profile of Rp and γ values were selected along the line indicated in Fig. 2(a) and plotted in Figs. 2(d) and (f), respectively. In the area of stacking fault, the Rp rapidly increases from 0.19 to 0.79, and the γ drops significantly from 0.98 to 0.18. Thus, the symmetry breaking is detected across the stacking fault and near the stacking fault. The details of symmetry quantification and mapping can be found in the reference [7] . We have proposed a symmetry quantification method by using Rp and γ. The result for the Si single crystal shows that Rp with ~ 0.1 and γ with ~ 0.98 can be used to determine a symmetrical pattern. In addition, the Si single crystal has a constant symmetry over the scanning area while the strained Si sample shows large symmetry variation over a stacking fault. We believe that this study provides a powerful tool for symmetry study in real materials.
Figure 1.
Image processing procedures used for mirror symmetry quantification. Two diffraction discs related by mirror are selected as indicated by the dotted circles A and A' in the (a). Each disc is then processed to give two templates A and A'm as shown above. 
